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» One of the primary methods of understanding the QGP is to probe partonic energy loss

» Partons lose energy both incoherently and coherently whilst traversing the medium
» Need to consider the shower collectively

» Modifications to the parton shower in Heavy-lon collisions characterise this energy loss
» Jets are the best experimental proxy for the original scattered partons:
» Study the kinematics of the partons — Jets as extended objects

» Study the structure of the shower — Jet substructure (see Yi-Chen’s talk next)

» Through jet-medium interactions we can infer some of the fundamental properties of the medium
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¢ Jets are a multi-scale problem : Forces us to consider a wide range of QCD phenomena

Hard Processes Soft Processes
Calculable in pQCD Experimentally constrained + Lattice ]
QCD Jet virtuality ;ec
Medium induced gluon radiation Q=6uk [/ _fT S]
Soft uncorrelated background in the . rL =0je:L
Collisional energy loss jet cone l
Jet transverse
: . pt-broadening Q2 =4L size
Moliere scattering Wake left behind by traversing jet

Vacuum DGLAP evolution
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The phase space inside a jet cone is populated by three main components:
» The jet signal : these are constituents directly emerging from the fragmenting parton

» The uncorrelated background : constituents arising from (mostly soft) processes decoupled from
the jet

» The medium response: energy flow which did not originate from the scattered parton, but
which is a result of the parton traversing through the medium

** How do we separate these and what are we interested in?

correlated
background

background
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o (GeV/c)

100

How to Deal with the:Uneorrelated Background:

- FastJet k, (p:“'“ =0.15 GeV/c)
| Fit: (-3.3:0.3) GeV/c + (0.0623:0.0002) GeV/c x N™"

——

0-10%

entries

2500
L L
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3000
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input

PR B
2000

?

Event-by-event corrections to remove the average background
contribution per jet

lterative noise/pedestal subtraction
Area-based subtraction
Constituent subtraction
Derivatives subtraction

Fluctuations of the background remain in the jet cone
» Can be corrected for using unfolding
» Or accounted for using smeared or embedded MC

10
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** Combinatorial jets are fluctuations of the background
which are indistinguishable from hard-scatter jets

% Dominant at low pr,.;and large jet radii

To remove:
% Make measurements at high pr et
¢ Tag back-to-back jets
* Use event-average methods such as h-jet
coincidence

/. trigger

H-jet coincidence technique: recoil
+» Define two high p+ trigger hadron classes
¢ Measure yield of jets recoiling from trigger
hadrons
¢ Expected that the contribution of combinatorial
jets is equal in both classes

¢ Subtract the per trigger normalised yields
04/06/2019 Nima Zardoshti (CERN) RHIC/AGS Users meeting
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Nuclear modification factor

1 d*Niu
New dprdy

cent

Raa = 5
d Tet

dprdy

(Tan)

PP

A direct observable to measure jet quenching

Jets are heavily suppressed in central
collisions

Jets suppression still seen in peripheral
collisions, indicating that a (smaller) medium
is formed
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Which energy loss dependencies can we probe?

& | ATLAS  anti-k, R = 0.4 jets, (5= 5.02 TeV

e 34—
EP@“F . o
Q:P:'j:djzl [+ ] 1 [l
o LK I |
1 :
<238 +10-10% |
2015 data: Pb+Pb 0.49 nb™, pp 25 pb’ Eﬁg - ggof’

- II.IIII(TI AA? almld Iuminosityluncer.l %69 :.7Q°/<.; -
40 60 100 200 300 500 900
p. [GeV]
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* No dependence on collision energy observed

* Can be explained by the hardening of the pr et
spectrum at higher collision energies

> Nuclear modification factor

1 dzNja

New dprdy
dzo]ct

dprdy

cent

Raa =

’

(Taa)

pp

» A direct observable to measure jet quenching

» Jets are heavily suppressed in central
collisions

» Jets suppression still seen in peripheral
collisions, indicating that a (smaller) medium
is formed
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0:5 ATLAS ' antik,R=04jets  |y|<2.1
. [=]0-10%, ISyn = 2.76 TeV [PRL 114 (2015) 072302]
[+10-10%, |s,, =5.02 TeV
T &= 30 - 40%, (s, = 2.76 TeV [PRL 114 (2015) 072302] I ]
[+ 130 -40%, W« =5.02 TeV
|| | K aa @nd luminosity uncer.
E}j ¢ [:*:1 |
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]
. - |
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Nuclear modification factor

1-2-""I"'I""I""I""I""""I""_

n:E -ATLAS anti-k, R=0.4 jets, |s,,=5.02 TeV ]

1 EN 1 vl <2.8 5

New d - .

RAA = prdy cent, 1_ """""""""""""""""""""""""""""""""""" I":

A0 - ® 200<p_<251GeV ]

(Tandg - T -

] 0.9¢ O 100<p,_ <126 GeV E

0.8 f_ H ' Luminosity uncer. _f

A direct observable to measure jet quenching - H H ]

0.7 B —]

Jets are heavily suppressed in central 0 6:— H ] B E

collisions 2015 pp data, 25 pb’” . g

o o 0-5E" 2015 Pb+Pb data, 0.49 nb" -

Jets suppression still seen in peripheral :....1....1....|....|....1....1....10....:
collisions, indicating that a (smaller) medium 04, 50 100 150 200 250 300 350 400

is formed <Npart)

Higher pr,e: appear less suppressed
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Nuclear modification factor Not a jet measurement

| N 19 27.4 pb (pp) 404 ub (PbPb), 3 42 ub (XeXe)

— . I I 1 I 1 1 I 1 I I 1 I | 1 | 1 I I
Nm ded ! -
Ran= —— e - CMS 7 5.44 TeV XeXe R*\, -
Tet 7]
Ta) Gy 1 © ]5.02TeVPbPbR,, -
Pp i 1
i | <1 j
Xe-Xe collisions are expected to have smaller initial é 0.8 N 6.4 < pT <7.2 GeV N
state effects oY R i
i 0.6 _—9 B
Due to differing nuclear sizes, the number of ¥ : i
participants is not equal in a given centrality bin for 0.4 B i N
Xe-Xe and Pb-Pb r ] -
i ) 5 ]
Energy loss as a function of the number of 0.2~ * %o B .
participants is consistent between two systems - ]

O | IR S T TR NN T TR SR NN AN SO A SN S SN S SN S SN W'

0 100 200 300 400
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> Nuclear modification factor

1 &N i, 2
Rex New dprdy ent 5mn.1.8
- dzajd ’ 1.6
{ AA)dprdy 1.4

pp
1.2
» Small systems such as p-Pb and high 0.8l
multiplicity pp show signs of collective T
behavior O'Gj
0.4}
» However no jet quenching is observed in p-Pb 0.2
0
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ALICE p-Pb |s,,, = 5.02 TeV
Charged jets, anti-k,, |'7| .b| <05
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- Reference: Scaled pp jets 7 TeV 1t '
- IGlobal normalization uncertainty - - -
- Resolution parameter R = 0.2 - - Resolution parameter R = 0.4 .
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Nuclear modification factor

1 d? Njer
New dprdy
dza]ct

dprdy

cent

Raa =

’

(Taa)

pp

Quark jets are expected to lose less energy
than gluon jets

Heavy flavour partons are expected to lose
less energy than light flavour partons
¢ Radiation suppressed in the quark’s
direction of motion — proportional to
mass

Would a strongly coupled QGP have mass

effects for energy loss? (Ads/CFT)
04/06/2019 Nima Zardoshti (CERN)

CMS ISy = 2.76 TeV

1.2 e e e

[ e Inl <2 i

1_‘% ............................................................................................................... _EI

[ 2 ° ]

i S PbPb, 150 pb™ i

0.8 S pp, 5.3 pb” .

& | = ]
® 0.6_— @ e :’3_—_
3 - s ]
0.4+ & -

I @
0.2:—E80<pT<906ewc —

- [aJo0<p_<110GeVic )
lllllllIllllllllllllllllllIlIIIlIIIIlII
00 50 100 150 200 250 300 350 400

Npart

b-Jet energy loss found to be qualitatively consistent
with that of inclusive jets
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> Nuclear modification factor

1 dzNja
New dprdy

cent.

Raa = 5
d Tet

(Tan) dprdy

PP

’

1.2
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x

o
®

oo
o

0.8

» Varying the rapidity changes the quark gluon fraction

¢ Increased quark fraction at large rapidity

» Larger suppression observed at large rapidities for the

highest pr et intervals
Can be explained by:

/7

rapidity region

“* prjer dependence of quark jet fraction

04/06/2019

0.8

*¢ the steepening of the pr . Spectra in the forward

¥ T l T |
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IS vees. covsennONRSS RN N |
LA B —
L ! 1 | |
B T T T T
+ + 0-10 %, 316<pT<562 GeV |

-

0.8

0.6

LN L L R I L L N B L N L N B L L N Y NN B L B B
| ATLAS 0-10 %, 158<pT<200GeV ]

~2015 Pb+Pb data, 0.49 nb™ 7]

ll]lllllll+lll]llll

[ 2015 pp data, 25 pb™
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0
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> Nuclear modification factor

1 N
New dprdy iy
Raa = L,
Tan) S
(AAhhndy
rp
» All models reproduce the trends seen in data
> Priet < 250 GeV/c best described by SCET; g=2.2
» Priet > 250 GeV/c best described by LBT
» Note that the EQ model is parametrised based on
energy loss at a lower collisional energy
04/06/2019 Nima Zardoshti (CERN)

1E - r . . ]
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0.4F" E
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orobing the Pathlengthiependence of Energy Loss

» The momentum imbalance of dijets is sensitive x, = PTsubleading
to the different in-medium pathlengths PTleading 1
404 pb™ (5.02 TeV PbPb)
traversed 0.35-CMS Inclusive dijets F3 CMS lbdi}ets S E
0.3F e Data =+ e Data -
. . . . . < 0_255_ 0% pp-based reference _ -10% pp-based reference E
> The imbalance increases with increasing g "o M T O10%
centrality Z o1sf _
T 0af ]
: e : : 0.05F : i
» Tagging the initiating parton can give evidence == = :
: 0.35E-CMS = cMms .
for the flavour dependence of quenching sk E3 E
ok +
> b-dijets provide a quark jet sample and 5 0"12‘ 10-30% S * 1090% E
i ) > ) = |_,_'—_|_Ié:— 3
suppress gluon splitting = oib . Cd } E
0.05F £ E
ossW-—cMs --------
03F + 3
X 025F 2 E
Z 02F 30-100% +  30-100%
Z 015F o 2 3
Too0aE E3
0.05F . +

6 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 N 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
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orobing the Pathlengthiependence of Energy Loss

» The momentum imbalance of dijets is sensitive
to the different in-medium pathlengths PTsubleading
traversed -

pT,leading

» The imbalance increases with increasing
centrality

» Tagging the initiating parton can give evidence

25.8 pb™' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)

i 0.74F 1F T ems Jo.04

for the flavour dependence of quenching 0.72f ot ik 30-100% oo Jo.02
07F a 10-30% L 10-30% El3 1] ] T 32
0.68f : 0-10% + 0-10% 3¢ ﬁ 1% 1 002 3
» b-dijets provide a quark jet sample and ~ 086 ) I ° i | onE
. = 064F . iF 3-0.06 _:
suppress gluon splitting 0.62F . ik ! J008 3
0.6F 'nclusive dijets b dijets * El3 E PP

“F % Data v Data iE [=]inclusive dijets
. . . e . 0'585— o pp-based reference o pp-based reference 1F [=]b dijets -;_0'12
» The imbalance is less significant for b-dijets 056 |3 3-0.14

. . .o . 0 50 100 150 200 250 300 350 400 O 50 100 150 200 250 300 350 400. 1 (I)5101(l)0 150 2(1)0 2é0 3(1)0 3%0 4(I)0
compared to inclusive dijets in all but the most (N, N, (N,

central collisions
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Probing the PathlengthDependence of Energy Loss

» The momentum imbalance of dijets is sensitive

to the different in-medium pathlengths DTsubleading
traversed T Drlea ding
» The imbalance increases with increasing 258 pb™' (5.02 TeV pr

central ity 0.35 Inclusive dijets b dijets
e Data s Data
0.3 PYTHIA 6 - PYTHIA 6
. e ere .. . . ——— PYTHIA 6, reweighted
> Tagglng the |n|t|at|ng parton can glve ewdence 0.95 - = = POWHEG + PYTHIA 8

for the flavour dependence of quenching

o
—h
3

» b-dijets provide a quark jet sample and

1/N dN/dx,
o
N
IIlIIIlllIIIIIII'I'IIII‘I"IIIIIU"IT

suppress gluon splitting 0.4
. . . . . o 0.05
» The imbalance is less significant for b-dijets
compared to inclusive dijets in all but the most % 01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09 1
central collisions % X

+* Comparison of pp results to models shows importance of
next-to-leading order effects for b-dijet imbalance
¢ Important to consider when comparing to models in Pb-Pb
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» Colourless bosons are unquenched in the

medium

» Provide an accurate reference for the jet’s
original energy

» Photon and z-boson tagged jets are more
likely to originate from quarks
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Colourless bosons are unquenched in the
medium

Provide an accurate reference for the Jet’s
original energy

Photon and z-boson tagged jets are more
likely to originate from quarks

The momentum imbalance increases
significantly with increased centrality
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Colourless bosons are unquenched in the
medium

Provide an accurate reference for the Jet’s
original energy

Photon and z-boson tagged jets are more
likely to originate from quarks

The momentum imbalance shifts significantly
with increased collision centrality

This can be seen more clearly by taking the
averages of the distributions
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pT,]et

PTBoson
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Numb

The number of jets associated with both photons
and z-bosons are smaller in PbPb than pp
** More jets are quenched to below 30 GeV/c

Larger modification observed with increasing
centrality

This number is expected to increase as the prgoson
increases due to the increased phase-space
available for pr e > 30 GeV/c

The difference between Pb-Pb and pp is relatively
constant as a function of prgeson - This indicates that
a smaller fraction of jets which start with a large
energy are subsequently lost in Pb-Pb
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Are the

> Interactions with the medium can deflect the
jet axis

This can give information about the medium’s
degrees of freedom

Bosons provide an undeflected axis as a
reference

Differences are expected to be more
significant at low pr et , as high virtuality jets
are Sudakov dominated

Hadron-jet coincidence technique has the
potential to extend measurements to much

lower pr et
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pT,subleading

pT,leading
§ 4:lllllllIlllllllllllllllllllllllllllll: _llllllllllllllllllllllllllllllllllll_
e 3.5 ATLAS Preliminary 0-10%} | 10 -20 %
. . TF i = i ] 1
> Less quenching expected in Xe-Xe =z p ki R =0.4jets 1t 2813 )P(b‘fib ga:a 245; ny ]
. - = . e+Ae data 1
% Less energy density : @ég"ﬁg' V—WS S.44 Px 1 ¥ 2 :
: . »sf @Pb+Pb, |5, =5.02 Te 1t ;
** Smaller pathlength for traversing partons E —Xe+Xe smeared to Pb+Pb :
of :- -
> No significant differences observed within the 15F ;
same centrality intervals £
o.sf- 1 b
2 1(|)0<p|) <I126?ev

03 04 05 06 0.7 0.8 09 1 03 04 05 06 0.7 08 09 1

meas meas
X X
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How much must we open the jet cone in order to recover the missing A; = v

energy in a dijet system?

The missing energy can be recovered by taking into account very soft
particles at large rapidities (< 2.4)

The larger momentum carried by high py tracks (> 8 GeV/c) in the
direction of the leading jet is balanced by the combined contribution
of softer particles in the direction of the subleading jet

In data the balancing contribution is mostly dominated by soft
particles (< 4 GeV/c) rather than intermediate (4-8 GeV/c) ones. This
effect is enhanced with increasing centrality

In the MC the intermediate p; tracks have a much larger balancing
contribution, which is relatively unchanged with centrality

Need to make jet measurements with large jet radii to be sensitive to
these effects

40— - P, > 50GeV/c —
I A¢1_z>§n n, | <16

....I....I....I....I....-||||||||||||||||||||||||
-Illl|llll|lll‘|""|'"'_-llllllll|||||||||l|l||||—
[ © 30-100% | @ 0-30% |
[ cms 1 i
40— pb+pb \5,=2.76 TeV 7
- |Ldt=6.7pub"

20

Q) - I

-~ 1

2 [

e o

A

= -

[~ N

2 i

-20

| <p'T'> (GeVic)

P11+ P12

B
o
I
3
5
+
==
<
o
[
m
-

N
o
T T T T

=1 I > 8.0 GeVic
|=|,—._—

|
® >0.5GeVic

[ J1.0-2.0GeVic
[ 2.0-4.0 Gevic
() 4.0 - 8.0 GeVic

o
T T

N
o
T T

T P, > 120GeV/c

A
o

PRI RS S S

PR SRNT S  TN TN ST SN TN SR ST S NN N A B | IllIIIIIllIIIIIIllII

0.1 0.2

04/06/2019 Nima Zardoshti (CERN) RHIC/AGS Users meeting

0.3 0.4 0.1 0.2 0.3 0.4
A, A, 25



+ Jet fragmentation is expected to be modified in heavy-
ion collisions

Redistribution of energy in/out of the jet cone
Change in the jet multiplicity

¢ Fragmentation is also sensitive to hadronization effects

+* Gives an indication as to the internal modification of
the jet due to quenching

Can be measured longitudinally Can be measured transversely

z EpTcosAR/p';'

1 dne 1 dne
D(z) = , D =
©= 5 P2 N dpr
Ry = D(@)pbpr R _ D(@1)poey
D(Z) = D(Z)pp D(pt) = D(Pr)pp
04/06/2019
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§ CATLAS T Iyl <2.1 ‘Pb+Pb,m‘=5,02TeV.- pp V5 =502TeV -} '
c 150 ‘.. 0-10% b '.. ay[ .:49nh" -zsm:-' ] . *
. . .. . : o é " .uA~ .‘““°=-I Tt eaea™s |
Fragmentation Functions are modified in Pb-Pb compared oof mest crmaw | oot camaw j| mocqmow j| smegcmeon | s <oy
to pp 1 ol , ' b
. CEEPLE SO P . *
Enhancement of low pr constituents o P R T .
* Quenching distributes the jet energy to soft particles Sl i ",.. It i .'
1.5F k 20-30% hls % 1t _’. 1E ]
° ) % ] .o ‘ * I*
. . . . -ve 'l Coo® - u‘oﬁl
Suppression of intermediate p; constituents o i _ i i
. . 1. S | ] I ]
Enhancement of high pt constituents . *
¢ Increased quark jet fraction (less quenched) 0 I
¢ Quark initiated jets have a harder fragmentation o B i
1. A 1F,
Modification is stronger with increasing centrality RS
1.
0.5f
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2.5 1 LB II L L] L] ] LI II 1] 1 L] L] LI '-- 2.5 T ] L] LI II L] L I L II L L
[ ATLAS b ™| < 2.1 antik, R=0.4 jets | |] [ ATLAS | <2.1 anti-k, R=0.4 jets |
i i posaten il % Stronger pr,.; dependence
2—— ® 126 < p";‘ < 158 GeV -_ ® 126 < pi;' < 158 GeV —- Observed fOF RD(Z) Compared
- ¢ 200 < p < 251 GeV 3 ¢ 200 < p™ < 251GeV . to Rp(pr)
i & 316 < p';‘ < 398 GeV R P 316 < p’;' < 398 GeV :
1.5¢ H +* Indicates that the
- m + modification scales with z
i ol +
I A | * This is expected for
| Pb+Pb, {5, = 5.02 TeV, 0.49 nb™, 0-10% ] Pb+Pb, (5, = 5.02 TeV, 0.49 nb™, 0-10% ] fragmentation effects
0.5 rr. ll§=5.02 TeV, 25 pb' | - pp, {5 =5.02 TeV, 25 pb™ _
Lot ! NN 1 AN L o1 el L 1 s vl L 1 . . .
102 10- 1 4 10 102 ¢ Scaling with p; might have
G indicated a medium scale
z P, [GeV]
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» The hybrid and EQ models describe the high and intermediate z regions well

» The SCET model successfully describes the soft and intermediate z regions
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0.5
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No collision energy dependence observed
Allows for further comparisons between these two energies

ATLAS

b | < 2.1 anti-k, R=0.4 jets

126 < p' < 158 GeV, (S, = 2.76 TeV —
T NN

@ 126 < p < 158 GeV, |5, =5.02 TeV ~

%

Pb+Pb, 0-10%
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ATLAS b '™ | < 2.1 anti-k, R=0.4 jets

[] 126 < pf" < 158 GeV, |5, = 2.76 TeV

lj @® 126 < p™ < 158 GeV, |s,,,, = 5.02 TeV
T NN

10?2
p, [GeV]
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ratio of D(pT)

ratio of D(z)

Y !

S 73a90d s 502 To

- ATLAS Preliminary
0.6  30-80% Pb+Pb / pp

1o

1 10
p, [GeV]
1.6 v-tagged jets 5.02 TeV
_ “& | inclusive jets 2.
1.4 (30-40%) v
126 A\ o+
1 : ‘ e &
0.8F %
L %
ATLAS Preliminary
0.6 30-80% Pb+Pb / pp

1072 10"
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ratio of D(pT)

ratio of D(z)

—
(o2}

—
(2]

1.4

1.2

0.8

» Boson tagging jets constrains the initial kinematics

o Tiabged jets 502 TeV.

% 7
v,
(0-10%)

& inclusive jets 2.76 TeV

» Measured jet population is less sensitive to biased quenching
selection

ATLAS Preliminary

Reduces contribution of combinatorial jets — can go to lower pr et

FF are qualitatively similar in inclusive and photon-tagged jets in

06  0-30%Pb+Pb/pp ] ) ..

1 ” s peripheral collisions

p, [GeV]
Lok & S V-tagged jets 5.02 TeV » In central collisions the FF distributions of the photon tagged jets
\ inclusive jets 2.76 TeV 1 are shifted towards higher values

1.4 X -10% 1 . .

: (0-10%) » % At the largest z and p; values they are consistent with no
12 % enhancement

o
0.8/ : » These flavour dependent effects are in contrast to previous

[ ATLAS Preliminary ] studies at CMS
081 0-30% Pb+Pb/ pp ] R . . :
T p %* Is there an interplay between flavour and kinematic

z selection of jets for quenching?
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Pbe/P(Ar)PP

P(Ar)

0 PR PR PR PR PR
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Ar

pp reference
= 0.7 <pY*< 300 GeV

CMS Radial momentum distribution
pp 27.4 pb™ (5.02 TeV) PbPb 404 ub'(5.02 TeV)
anti-k; R=0.4 jets, p,> 120 GeV, hljet|<1 .6

[ 07<p< 1 Gev Bl s <p<scev Bl 2<p< 16 Gev
[ J1<p*2aGev B < <p<sGev Bl 6 << 20Gev
[ 2<p*<3Gev Bl s <0< 12Gev B 20 << 300 Gev

I P> 0.7 GeV

p‘Trk >2 GeV
- Sk > 4 Gev

1 1 1 1

PbPb PbPb
30-50% 10-30%

PbPb

P | 1 1 | I S| | 1 | P S| | | |
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ution?

There is a significant increase in the yield of
of soft particles at intermediate and large
angles from the jet axis in Pb-Pb collisions.

This magnitude of this phenomenon gets
larger with increasing centrality

This increase is compensated by a
suppression of high p; tracks at
intermediate and large angles from the jet

The excess of soft particles can be
explained by quenching effects

Hints to back-reaction from medium? Only
models including a medium response can
describe the data
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What is the Radial Profile'ofithe:Energy Redistribution?

» The energy of the jet is redistributed to
1 1 dna@) R _ D(p1,")pppp Nergy ot the )
D(pr,r) = | D(prr) = constituents with py< 4 GeV/c
Njet 2ntr - drdpr (P1:7)pp
‘ - » The yield of these particles increases with
increasing radius for r < 0.3 and is constant
o ACATLASPrelminary ~ 126<pf<158Gev] & ATATLASPrelminary  126<pf<18Cev|  after that
a - Pb+Pb |, =5.02 TeV, 0.49 nb" 0-10% - Q - Pb+Pb s, = 5.02 TeV, 0.49 nb™ 60 - 80% |
x - pp \5=5.02 TeV, 25 pb™! antik, R=0.4 1 x " pp Vs =5.02TeV, 25 pb™! anti-k, R=0.4 i
3 e 16<p <25Gev B 25<p <40GeV | 3~ e 16<p <25Gev B 25<p <4.0GeV | . . .
L4 40<p<63GeV 4+ 63<p <100Gev i [ L 40<pi<63Cev  + 63<p <10.0Gev 1 » Acorresponding depletion is observed for
- 10.0<p_<25.1GeV A 251<p <63.1GeV . i 10.0<p_<25.1 GeV A 251<p _<63.1GeV i . .
i i I i constituents with p;> 4 GeV/c
2 0 ° . ] 2_— ]
i . ¢ - ]
IR R fewinds o 1 4 | » The radial distribution of tracks is largely
L : R } 4 ; ] - 3 % } } t N unmodified in peripheral Pb-Pb collisions
I : i 4 ¢ ] : |
0 R ] %04 02 03 04 05 06
o 01 02 03 04 05 ore ' . » These results are consistent with measured

fragmentation functions and theoretical
predictions — radial profile measurements
are less sensitive to hadronization effects
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Does the Medium Respondsto the Traversing Jet?

’; 2 5 1 T I I I I l' 1 'l ] I I I 1 I 1 1 T I I I I 1 1 I 1 I I I_
o < [ATLAS Preliminary _
Q Pb+Pb |5, =5.02 TeV, 0.49 nb™ i
Q@ L pp Vs =5.02 TeV, 25 pb‘} i
» A statistically significant trend of 2 —0-10% * ‘ 4
increasing Rp(pr) With increasing pr e is  anti-k, R=0.4 + i _
- p. [GeV]: -
observed for 0.1 <r<0.25 B 16255 6.3.10.0 .} |
1.5 é ¢ e  0126<p”<1588GeV  —
» Does this indicate a medium response to - 4 i m 0 158 < pf:‘ <200 GeV i
the traversing jet? - $ ¢ 0 200<p’ <251GeV -
1— g T < 251 < p!” <316 GeV .
» No prjer dependent trend is seen in the i & .
suppression of high pr constituents . o g @. 4
0.5 59 f -

| | | 1 I | | | | | | | | | | | | | | | 1 | | | | | | | |

0 0.1 0.2 0.3 0.4 0.5

S~ ©
»
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» Gluon jets dominate the inclusive sample

» A photon tagged jet sample is used to increase the fraction
of quark-initiated jets

» For both samples an enhancement of the radial profile is
observed at large angles from the jet axis in Pb-Pb

» No depletion of tracks at intermediate r is observed for the
quark enhanced sample — contrary to the inclusive
¢ Differences between quark and gluon energy loss
“* Smaller pr,e threshold for the quark jets —increased
fraction of jets with relatively larger modification
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Studying the radial profile of particles with different 2 214" (502 Te pp) + 404 b (5.02 TeV PbPb)

masses can give new insight to the mechanisms = CMS Profiminary 4 <p[ <20 GeVic
responsible for transferring soft particles to large I D° + jet :ﬁflffeo GeVic |
angles 10E ™| < 1.6 -
s BET___, E
Measuring heavy particles can constrain energy loss ~Z | ‘ o :
models and models of heavy quark diffusion 1‘ I ¢ E
through the medium " EEE i
B PYTHIA8 7
For soft prp there is an enhancement at large radiiin E = | PE—
Pb-Pb compared to pp — The Dmeson is transported é 21 E  — — + __________ E
to large angles 2 E
P -:
The radial distribution of high prp constituents is E T B SRSEE
equivalent in Pb-Pb and pp To0g 01 02 03 04
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: 60 <P chjot <80 GeV/c 80 <P chjot <100 GeV/c 100 < Py chjet <120 GeV/c
2r -
0 - ALICE @  0-10% Pb—Pb Y5, = 2.76 TeV JEWEL + PYTHIA 0-10% Pb-Pb ]
s [ s PYTHIA Perugia 2011 Recoil on ]
55 ==rQPYTHA 1 Recoil off ]
gel B “I‘ - . )
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= > 14 Charged jets, anti-k; -
[ o C ]
[ 3 ~ 12k R=04, |17jet| <0.5 : ]
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0% 25 N [ —
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» Jet mass is sensitive to the angular distribution and multiplicity of the 8
jet’s constituents 6
4

2

@ 0-10%Pb-Pb |5 =276 TeV

ALICE E p-Pb Sy, = 5.02 TeV

Vs difference

» A depletion of the jet mass is expected in Pb-Pb due to quenching
» The jet mass in Pb-Pb is shifted to smaller values compared to p-Pb for
Priet < 100 GeV/c

lllllllllllllllllll
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» The linear increase in the mean jet mass with pr e is expected from %0' - '7'0' - 18101 - '9'0' ’ 160 11'0 120
NLO-pQCD calculations Pr oot (CEVIC)
» The models which include quenching strongly over or underestimate
the jet mass M= /E2—p2— p2

» PYTHIA is in good agreement with the measurement in Pb-Pb
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Jet mass can test the resolving power of the medium

If the jet is unresolved, energy is (coherently) lost but the substructure is
vacuum like

If the jet is resolved, (incoherent) energy loss causes a modification to the
substructure

m/pr et is Sensitive to the angular width of the jet — can be used to test
coherence effects on quenching

No dependence of the Ryy on m/pr e; Observed

Raa is consistent with inclusive Raa

Measurements of the groomed jet mass can give clearer information
about the jet core (see next talk by Yi-Chen)
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- msmmee—
Jets are significantly quenched in Pb-Pb collisions at the LHC
Quenching transports a large amount of energy outside the jet cone
This energy is redistributed to large angles via low prparticles
Hints of a correlated medium response to the traversing jet?
Boson tagging of jets provides a good unquenched reference with which to quantify quenching effects
Opportunity to study quark vs gluon and heavy vs light quark quenching dependencies
No strong evidence of quark flavour dependence of quenching observed yet
No large angle in-medium deflections of the jet axis observed — need to go to lower pr et ?

Opening up the jet radius can shed more light on QGP effects — experimental tools are being developed

Jet substructure holds the key to understanding the underlying mechanics of quenching — much more to come!
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